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Abstract 
Our college has already started flipped learning in the classes of some subjects underlying engineering, more specifically, 
mathematics, physics, chemistry, applied mathematics and applied physics. These subjects are taking a central role in promoting 
active learning in our college. In 2013, we introduced ICT-driven equipment into the laboratory classrooms of physics, chemistry 
and applied physics. By implementing this equipment, we are practicing active learning (flipped learning). Traditional flipped 
learning applied at home and abroad is based on the classroom lecture. On the other hand, from the standpoint that the education 
of Colleges of Technology is characterized by practical science, our college has created the environment for a new type of active 
learning (flipped learning) where classroom lectures and experimental practices are combined. In some cases of flipped learning, 
students use study materials written in English for preparation. And so, our college is promoting the teaching of English related 
to engineering as well. 
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1. Introduction  
On April 1st, 2004, National Institute of Technology (NIT) was inaugurated to manage 55 national 
KOSEN1institutions throughout Japan. In Japan every prefecture has about one KOSEN. It is an institution of higher 
education with a unique feature that the campuses exist throughout Japan. Considering advantages of scale, National 
Institute of Technology decided on a policy to introduce class teaching based on active learning2-5 which is 
prevailing worldwide in recent years. 
In 2014, ten years after the foundation was created, NIT has developed the third-stage medium-term programs 
and objectives, where promotion of active learning is described. And, NIT, Gifu, Sendai and Akashi Colleges are 
promoting active learning as a schoolwide program. 
In chapter 2 below, we will describe the contents of ICT-driven education, which we were actually promoting 
before our college became a hub college. Additional explanation will focus on financing the development of the 
learning environment, taking into consideration. We will also show our improvement plan on the environment 
development. In chapters 3 and 4, we will show how flipped learning is being practiced in our college as a model of 
schoolwide active learning and an example of an approach for developing the environment of our college. 
 
2. The actual performances of ICT-driven education and the environment development 
As the actual performances which have led our college to a hub college for promoting active learning, there are 
two pillars. 
2.1. The practice of ICT-driven education performed mainly in the multimedia educational building 
 The first pillar is the practice of ICT-driven education performed mainly in the multimedia educational building. 
In our college, from 2001 until the present, ICT-driven education has been practiced in the multimedia 
educational building where there are the fourth-year classrooms of all five departments and the equipment are placed 
so that ICT-driven education can be practiced at all times. 
ICT-driven equipment were introduced into teachers’ work space as well as students’ work space in every 
classroom. Since the ICT-driven education system has been introduced, ICT-driven education can be applied in 
various subjects, including social studies, languages, science and engineering. Every student can use his or her own 
personal computer and enjoy multimedia education on his or her own will. 
In our college, ICT-driven equipment of the multimedia educational building are internally budgeted for 
replacement every five years. In 2016, we will introduce new ICT-driven equipment which are useful for active 
learning. Therefore, we are now engaged in considering new types of ICT-driven equipment while preparing bid 
specifications for future replacement. We have already decided that in the next replacement phase of ICT-driven 
equipment, we will introduce tablet computers or notebook computers instead of desktop personal computers which 
our college had equipped for each student for the purpose of practicing active learning. Also, we have already 
started introducing electronic blackboards, as well as stackable tables and chairs to develop a more flexible 
classroom environment suitable for active learning. 
2.2. The developed contents for e-Learning education 
The second pillar is the implementation of the credit transfer system education using e-Learning.In 2004, 
“Practical Lecture Distribution Program with the Credit Transfer System” of our college was selected as Support 
Program for Contemporary Educational Needs by the Ministry of Education, Culture, Sports, Science and 
Technology. Since then, we have been developing the subjects for e-Learning and promoting the program. The 
number of colleges which agreed to credit transfer is increasing every year. Currently, about half of all national 
colleges (national KOSEN), and the subjects of e-Learning have been distributed. Moreover, we have agreed to a 
credit transfer policy among more than twenty universities and junior colleges within Gifu prefecture, and the 
subjects of e-Learning have been distributed. 
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NIT Colleges, which are scattered across Japan, are characterized by practical education, where students’ 
academic abilities will be enhanced by making them acquire concrete and deep understanding of academic abstract 
concepts through contact with real things. In our e-Learning education, the lectures of seminars and experimental 
subjects, which are practical contents based on practical sciences, are performed by distance education over the 
Internet as much as possible. According to the intent, we are developing contents with interactive functions for e-
Learning education. Fig. 1 shows an example of the contents which make students learn that abstract mathematics is 
connected with familiar phenomena. Students take on a computer in a unicursal game shown here. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. An example of the contents which make students learn that abstract mathematics is connected with familiar phenomena  
 
 In this particular game, victory can be achieved by the player who makes the first move. The winning strategy 
can be understood by learning abstract mathematics of graph theory. The intent is that students learn seemingly 
abstract mathematics in connection with familiar phenomena as practical science. Moreover, an example of contents 
of practical experiments show an actual experiment of bumping phenomenon performed in a virtual space. (Fig. 2) 
 Students are required to perform experimental measurements under various conditions just like they do in usual 
experiments. Some experiments fail in actual experiments, but in a virtual experiment, shown in Fig. 3, it is safe to 
perform an experiment where electric wire is burnt out by the heat. Moreover, students can make an experiment 
again and again under different conditions. The contents of the experiments are being made with the intent that 
students will broaden their perspective and re-examine the experiments of their own department by performing 
experiments which are not performed in their own department. Based on the idea, we give a chance to perform 
experiments of electricity to the students majoring in architecture or a chance to perform an experiment of materials 
to the students majoring in information technology, for example. This is based on the idea that experiencing 
experiments of a different field in a virtual way will broaden their educational horizon and enable them to see the 
experiments of their major from another perspective. So, in addition to a report of each experiment, we make the 
students submit a report which includes a variety of discussions, such as the connections and the point of view 
between the graduation research and the virtual experiment.  
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Fig. 2. An example of contents of practical experiments shows an actual experiment of bumping phenomenon performed in a virtual space  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. An example of safe experiments performed in a virtual space where electric wire is burnt out by the heat  
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3. The practice of active learning (flipped learning) 
We will show the practice of active learning (flipped learning) performed in our college. Like other colleges, our 
college has been practicing active learning by PBL for the instruction of practical experiments for the past years, and 
has received some awards on education. As mentioned above, we have been practicing active learning using ICT-
driven equipment at the multimedia educational building for the past several years. Last year, however, our college 
worked out a policy that would develop higher-quality active learning for classroom lectures as a schoolwide 
program. From this point forward, we will describe how higher-quality active learning is practiced. In active 
learning (flipped learning), students sometimes use study materials written in a foreign language for preparation. 
Therefore, our college is promoting the teaching of English related to engineering as well. Our college is planning to 
introduce active learning into all the classroom lectures within the period of the third-stage medium-term programs. 
3.1. The practice of flipped learning in the classes of some subjects underlying engineering  
Our college has already started flipped learning in the classes of some subjects underlying engineering, more 
specifically, mathematics, physics, chemistry, applied mathematics and applied physics. These subjects are taking a 
central role in promoting active learning in our college.Last year, we introduced ICT-driven equipment into the 
laboratory classrooms of physics, chemistry and applied physics. This implementation ensures the practice of active 
learning (flipped learning). (Fig. 4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. The introduction of ICT-driven equipment into the laboratory classrooms of physics, chemistry and applied physics  
 
Traditional flipped learning practiced at home and abroad is based on the classroom lecture. On the other hand, from 
the standpoint that the education of Colleges of Technology is characterized by practical science, our college has 
created an environment for a new type of active learning (flipped learning), where classroom lectures and 
experimental practices are combined.In this attempt, some teachers are practicing flipped learning, where some 
experiments are conducted, though the classes are performed in the form of classroom lectures. Students make some 
experiments with previous knowledge which they acquired through work at home. In the classes students are given a 
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task, and to solve the task they test a theory through an experiment by combining a variety of experimental 
apparatus in a classroom. For example, students are given a task to “Confirm the theory Newton's law of motion 
through an experiment”. Then, they make a group discussion on three points; (1) which apparatus are to be 
combined, (2) in what manner, and (3) how to proceed with the experiment. Following a group discussion, they 
conduct an experiment in order to test the theory, based on what they decided in the group discussion. 
In our college, we are practicing active learning (flipped learning) in the classes of some subjects underlying 
engineering, more specifically, mathematics, physics, chemistry, applied mathematics and applied physics. At the 
time of the mid-term of the first semester in 2004, fourteen full-time teachers are practicing active learning (flipped 
learning) in seventy-two classes. Also, with the aim that all full-time teachers will acquire key concepts of teaching 
based on active learning (flipped learning), they are encouraged to see at least one class instructed by the method as 
part of teachers’ faculty development. Active learning (flipped learning) is practiced based on the following four 
steps. The steps are personalized by each teacher. 
1. (advance learning) Students form a situation by advance learning (homework and previous studies in class) 
where they acquire basic knowledge. (A teacher leads students to the situation by assigning homework, as well as 
classes conducted before he or she conducts a class of flipped learning.) 
2. (classwork) A teacher presents a trigger question, and students make a discussion about it in groups. During the 
discussion, if necessary, they get information from textbooks or over the Internet and deepen the discussion. 
(brainstorming, KJ method, and so on) (A trigger question was presented to students in flipped learning. Students 
solved a problem using sticky and A3-size sheets, performing brainstorming in groups.) 
3. (facilitator) A teacher doesn’t give students an answer, but provides assistance by guiding or supporting them 
during a discussion. (In a class of flipped learning, a teacher didn’t give students an answer directly, but provided 
assistance by guiding or supporting them to think for themselves and find an answer during a discussion.) 
4. (presentation) A teacher presents an interim summary of each group, so that all the groups can share all the 
interim summaries among themselves, and students present results of their own group. These presentations create 
stimulus among groups and deepen the students’ understanding.  
3.2. Good points and what the teachers noticed  
The teachers who implemented active learning have shown the following good points and other comments. 
x A group solved a problem by their freewheeling thinking. 
x It seems that a group work made students consider how to make use of their knowledge and that an idea of a 
student stimulated the other participants. 
x Students coped flexibly with the new method. 
x At the beginning of a class, I made students expect a solution. With the passage of time, the final solution 
began to appear like the fog cleared away. In some cases, the solution was the same with the initial 
expectation, and in other cases, it wasn’t. In both cases, most students seemed to have interest in the process. 
x Some students could submit a task which shows what they have learned through homework and classwork in 
a wonderful way as soon as a class ended. 
x Students were requested to complete common answer sheets by teaching one another among the group 
members from the step of preparation. However, they didn’t perform research beforehand nor teach one 
another. Those who could solve a problem for themselves continued to do so at their own pace. However, 
those who couldn't solve a problem didn't even ask questions. They didn't make a discussion for completing 
a common answer sheet for the presentation. 
x I hoped to get common answer sheets which are almost the same level within a group soon after the class 
ended. However, little difference seemed to exist between the sheets of the students who work hard and the 
sheets of the students who don’t work hard. 
x The situation where the students teach one another among the group members makes it possible for a teacher 
to contact them individually based on their level of understanding. 
x Few students fall asleep during the time. And we can lead sleepy-looking students not to sleep beforehand. 
x Group work itself is effective, and the instruction that a representative of a group write on the blackboard led 
several groups to a discussion on how they arrange their thoughts in order to present their ideas in a 
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simplified way. Also, the class was very stimulating, for a group idea which was given low evaluations at the 
beginning yet turned out to be very useful in the process of treating advanced contents.  
3.3. The students' reactions and so on   
 The teachers who practiced active learning have shown the students’ attitude, and most of them are affirmative. 
x When I told the students the development processes of all groups, they acted as a stimulus and the students 
worked harder in competition with the other groups. 
x Group work activated the class and created a condition where the students made a lot of remarks. 
x A student who was not interested in the activity at first (i.e., not knowing the aim and what was going on), 
began to have interest in the activity, as the class advanced and his level of understanding deepened. Finally, 
he seemed to be satisfied with the result. 
x The students who followed a lecture by a teacher didn’t actively ask questions about the contents of the 
presentations by the other students. Also, they seemed to be unsatisfied with the fact that their teacher didn’t 
give explanations. 
x The students who don’t work hard habitually in class didn’t make a preparation and take part in a discussion. 
Also, they relied on the other students at the time of presentation and submitting a report. Briefly, they didnÿ
t change their attitude. 
x Nearly every time, more than a few students of the class fell asleep during a lecture. They seemed 
uninterested in the contents of the lecture. Today, however, they tried to solve a problem through discussion 
with fellow group members. They seemed to have more motivation than usual. Seeing them, I thought that 
most students could understand the problem. Today’s trial seemed to be successful. 
x I think some students increased their interest in mathematics, for they were doing calculations rather 
amusingly. 
x At the beginning, they were solving a problem silently in an unfamiliar situation. But, they began to 
exchange their ideas soon after. 
x An hour or so after the class started, some students began to talk in whispers through lack of concentration. 
x Some students may not have taken part in the discussion, but most students seemed to do so actively. 
x Most groups made an active discussion. The description of their ideas on the blackboard was useful for 
processing them.  
3.4. The teachers’ comments   
Some teachers presented their comments, including the future feedbacks and problems, after they practiced active 
learning. 
x The tasks which require students to think for themselves and solve a problem in a group setting is helpful for 
making their knowledge useful. It will stimulate and activate problem-solving skills and the communication 
skills. 
x It is important to improve active learning by providing feedback following its trial. 
x Many teachers are hoping to learn the contents of the advanced examples of active learning (flipped 
learning)(We are planning to hold a workshop where an extramural lecturer will make a lecture with the aim 
that we will spread active learning in our college.). 
x If we let students take the initiative, from beginning to end in active learning class, they will be at a loss what 
to do first. I think that teachers should teach basic knowledge. It might be an idea that students learn basic 
knowledge preliminarily as homework, but it is unreasonable to carry out the idea considering the fact that 
students have different degrees of ability. 
x When students made presentations, the teacher tried correcting mistakes and making comments. But some 
students didn’t pay attention to the teacher, remaining unfocused on studying. 
x If students perform preparation, group work and presentations seriously, their studies proceed smoothly, I 
think. 
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x It was difficult to make the students concentrate on a new method as I instructed. I think it important to make 
them have an idea that they must study at their own initiative and employ Teaching Assistants. 
x They made few discussions within a group. Questions and answers were not active at the presentation. These 
are probably because of their low communication skills. 
x It was effective in one class, but not effective in the other class. I am thinking of increasing time spent in 
group work and getting cooperative work on track in the latter class. There may be some students who want 
to solve a problem individually, but I am thinking of leading those diligent students to teach other students 
voluntarily. 
x It is difficult to know students’ reactions in an ordinary class, but it is possible to check the level of 
understanding of each student, for a teacher gets a direct response from each student in an environment 
where students can speak freely. 
x Since the time a teacher speaks in a unilateral way decreases sharply, students and observing parents might 
be mistaken into believing insufficient effort on behalf of the teacher. Therefore a teacher should always 
walk around the classroom during a class, monitoring students as they work. 
x I think how to set a problem is difficult. I think it necessary to continue the method and produce results, but I 
have not grasped the direction yet. 
x Group work is very effective. Only a question will develop into a deep thinking activity. But it takes much 
time. So, a teacher must consider the balance of the method with the progress schedule. 
4. The learning environment of active learning which was developed in a room on the 2nd floor of our college 
library 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. The learning environment of active learning which was developed in a room of our college library. 
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From this point forward, we will introduce the learning environment of active learning which was developed in a 
room on the 2nd floor of our college library. In active learning, where the utilization of knowledge is important, 
such class activities as group discussion, debate and group work are effective. Also, cooperative learning done in 
groups and presentation are indispensable. In order to do flexible education of active learning, it is beneficial that the 
equipment of the classrooms to be used is flexible. 
As shown by the Fig. 5, considering these points, our college has developed a learning environment by installing 
some custom-made trapezoidal tables which can be combined in various forms, according to the type of group work 
required, in addition to movable downsized whiteboards for group discussions in a 2nd floor room of the library. 
During breaks between classes and after school, students can use the classroom freely. They make an active 
discussion using freely arranged desks for completing a report or studying for an exam. 
5. Conclusions 
In this article, we described these things: the development of an environment for active learning and the contents 
we have practiced, ICT-driven education implemented mainly at the multimedia educational building as a program 
which started before our college became one of the three hub National Colleges, and the implementation of the 
credit transfer system education using e-Learning. Moreover, we described these things: the practice of schoolwide 
flipped learning in the classes of some subjects underlying engineering, more specifically, mathematics, physics, 
chemistry, applied mathematics and applied physics as the implementation of the three hub National Colleges of 
active learning, ICT-driven equipment prepared for the laboratory classrooms of physics, chemistry and applied 
physics, and a learning environment of active learning which was developed in a room on the 2nd floor of our 
college library. 
Though active learning is thought to reform education, we must provide a learner-centered environment in order to 
introduce active learning where students actively learn. The learner-centered education is worth reforming, 
considering the way classroom lectures were performed in Japanese higher education thus far. Now, the education 
method in higher education is about to change, the education based on active learning can influence various fields 
such as the design of curricula and syllabuses, the contents of teaching, the teaching methods, teachers’ way of 
thinking and students’ career design. This shows that the introduction of active learning has great significance in 
higher education. 
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